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Entire suite of ODM capabilities — for a given market (full scale) 
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Wind Tunnel Test — Aug.2019 
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HYBRID ELECTRIC INTEGRATED SYSTEM TESTBED (HEIST) 
Hardware-in-the-loop (HIL) 


HEIST Integrates Control Loops - optimize Hybrid-Electric A 
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Improved efficiency for each 33 
improved efficiency for each a : Turbo-Fue! Controller 


controller 
i.e. Mi ene. ine © <BR 
(i.e. Motor, Generator, Turbine Fi 
{ light Controller _ 
Fuel, Batteries) Motor Controfer 


+ 


Power Train 
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Improved Efficiency for 
integrated Power-Train 
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Aircraft / Flight 
Maneuver Command 
& Control Loop 


* Electric Motors Used as 
Control Effectors 

* Reduce Vertical Tail Size 

* Failure Recovery 
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Mission / Operations 
Command & Control Loop 


* Peak Seeking Control 
* Optimal Flight Profile 
* Recharge Batteries 

* Extend Range 
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HEIST Testbed 
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Outside Hangar Bay 4/5 1 Simulation Floor — BLD 4 
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™ Power-train 

= j.e. motor & propeller efficiency, motor temp, noise, response bandwidth & command resolution, 
Ma olanvace)aellem liaalitchavelars 
™ Battery 
# j.e. stored energy vs. mission requirements, discharge rate, battery temperature 

Aero surface (i.e. drag penalties) 
Frequency-dependent allocations for conditions such as turbulence 
Failure modes 
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™ HEIST Phase 1 bench config. also used to develop models of some of these effects & their inter- 
dependencies, as well as provide a platform for evaluating the control allocation algorithm for certain 
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CFD PREDICTIONS OF LEAPTECH DISTRIBUTED ELECTRIC 
PROPULSION EFFECTS WERE VARIED 
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MEASUREMENT TECHNIQUES FOR PROPULSION AIRFRAME 
INTEGRATION STILL UNDER INVESTIGATION 


Net CL, Blown, 40 Deg Flap, 6860RPM 
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Disk CFD BC Development Wing Pressures °2 Balances (Wing & Prop) 


CURRENT BARRIERS 


Influit Energy, LLC 


Nanotechnology Based Liquids for Energy Storage 
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INFLUIT ENERGY 


9/14/2017 


John Katsoudas, CEO 
john@influitenergy.com 


Nanoelectrofuel (NEF) BATTERY 


1.4 times higher pack energy density than Li-ion (350Wh/L) at % cost (S130/kWh) 


How achieved: 


Solid battery 
cathode /anode 
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Features include: rapid re-fueling; decouples power from energy storage — 
flexibility of designs; conformable low viscosity liquid; thermal 
management by active electrolyte; easy manufacturing, reduced packing 
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NEF flow battery approach enables a path to >700 Wh/kg pack density 


INFLUIT ENERGY with all flow battery benefits. 9/14/2017 
John Katsoudas, CEO 


john@influitenergy.com 


Contributors 


¢ Empirical Systems Aerospace Inc. (ESAero — Prime Contractor) 


* Scaled Composites 
° Joby Aviation 


° Xperimental 


° Electric Power Systems (EPS) 


West Virginia High Tech Consortium 


NASA Partners 


* Armstrong Flight Research Center 


¢ Langley Research Center 


¢ Glenn Research Center 


Battery cell destructive and abuse testing 


Battery Expertise 
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